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© Beta-lactams as antihypercholesterolemics. 



i his application relates to compounds of formula (I), which are useful as antihyperchoiesterolemic agents. 
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BACKGROUND OF THE INVENTION 

Hypercholesterolemia is known to be one of the prime risk factors for ischemic cardiovascular disease 
. f rte i 0S ? er T' 8i,e 3Cid SequeStrants have been to treat this condition; they seem to be 

IIT^^SSL y must be consumed in ,ar9e quamities - ie ~ several 9rams at a 

MEVACOR® (lovastatin), now commercially available is one of a group of very active antihyper- 
Cholesterolem.c agents that function by limiting cholesterol biosynthesis by inhibiting the enzyme HMG- 
io SMG-CoATymhase 3PPr ° aCh t0 ' imitin9 Ch0l8Stero1 bios y n t h esis is through inhibition of the enzyme 
U. S. patent 4.806,564 discloses certain ^-lactones of formula (i) 



is 




20 



CD 

25 

TvmL? ahht ^y*™™**™*™ agents and are believed to function by inhibiting HMG-CoA 
^Mr^TstP^ an,ih ^ erch °'-terolemic activity are disclosed in U.S. patent 

30 DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to compounds of structural formula (I): 



35 



// N. 



4 0 ° S0 2 -Q 



«*5 wherein: 
Q is 



50 



R 3 is 



a) C1-5 alkyl; 

b) C 6 - 10 aryl or C, - I0 heteroaryl including one heteroatom selected from N O or S- 

c) C7-15 aralkyl or C7-15 heteroaralkyl; 

d) C 6 - 10 aryl or C 6 -, 0 heteroaryl substituted with W- 

z^zi^ or C/ - ,s heteroara,kyi wherein ' the ^ » h — ^ m*.* .. 

0 OH; 



55 



a) H; 

b) C1 -5 alkyl; 

e) C1-5 alkoxyCH 2 -; 



2 
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R* is 
R is 



-<CH 2 )n R; 
a) 



-O 




b) 



-O-CH 



c) 



d) -O-Ct-5 alkyl; 

e) halogen; or 
f) 




Ri is 

a) H; 

b) Ci -s alkyl; 

c) -C02d-s alkyl; 

R 2 is 

a) H; 
b) 




n is 1 to 4; 

p is 0 to 2; 

halogen is F, CI. Br or I; 
W is 

a) Ci -s alkyl; 

b) Ci -5 alkoxy; 
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c) -CO2C1-5 alky I; 

d) -N0 2 . 

One embodiment of the present invention is the compounds of formula (I) wherein n is 1 

In one class of this embodiment are those compounds wherein- 
R3 is H; and 
R is 

a) 



10 



75 



b) 



20 



-scoj p — (Q 




25 Q is 



or 

c) halogen; and 



30 




Exemplifying this class are the compounds of formula (I) described in Table 



35 



TABLE T 



40 



45 




H,-R 



N 



so- 




ft. 



50 



55 
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Conf iguracion 
at 

4- Position IC 50 



10 



i) -S 



ii) -sco) 



)5 



7. 0 X 1 CT 8 



1 . 2 x 1 CT 7 



iii) -S0 2 — S 1-2 x 10 



- 7 



20 



iv) -O — (^^) — C °2CH 3 S 4. 6 x 10* 8 



25 



8. 2 x 1 CT 7 



In a second class of this embodiment are those compounds of formula (I) wherein R 3 is Ci -s alkyl and 
R is 

30 a) 



35 



b) Ci -5 alkoxy; 
40 c) halogen; and 

Q is 



45 




Exemplifying this class are the compounds of formula (I) described in Table 

50 



55 



5 



EP 0 462 667 A2 



70 



75 




20 



25 



30 



i) CH 3 CH 2 - 



Conf igurat ion 
at 

the 3, 4 position 



IC 



50 



CIS 



1.2 x TO - 



ii) CH 3 CH 2 - -0-CH 3 



cis 



6. 7 x 1 0 



- 8 



35 



iii) CH 3 CH 2 - 



cis 



6. 0 x 1 0 



-a 



In a second embodiment of the present invention are those compounds of formula (I) wherein n is 2 
In one class of this embodiment are those compounds wherein- 
40 R3 is H: 
R is 

a) 



45 



50 



-O 




or 
b) 



55 



6 



EP 0 462 667 A2 



-O-CH 

R 2 




and 



Q is 




H, 



Exemplifying this class are the compounds in Table III. 



TABLE III 



H 2 CH 2 R 



SO- 




ii) -O-C 



iii) -O-CH 



o 



IC 



i) -o — (^))-^:o 2 ch 3 6. 6 x 



9. 0 x 



6. 1 x 



In the second class of this embodiment are those compounds wherein: 
R 3 is CH3CH2- or CH 3 OCH 2 -; and 
R is 

a) 
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Conf igurat ion 
at 

the 3, 4 positio 



ii) CH,OCH a - -0-(^>-C0 2 CH 3 trans 



Hi) CH 3 CH,- -SO,— <^> 



cis 



8 
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A third embodiment of the present invention is the compounds of formula (I) wherein n is 3. 

In one class of this embodiment are those compounds wherein: 
R 3 is H; and 
R is 

a) 




b) halogen; and 

Q is 




Exemplifying this class are the compounds of Table V. 

TABLE V 




iii) Br 1 . 3 x i CT 7 

A fourth embodiment of the present invention is the compounds of formula (I) wherein n is 4. 
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In one class of this embodiment 
R3 is H or C1 - 5 a!koxyCH 2 - and 
R is 



S* 3 9 H 3 CH, 



-0 2 CH 3 ; 



10 



Q is 



and 



75 




Exemplifying this class is the compound of Table VI. 



20 



TABLE VT t 



25 



30 



CH 3 CH 3 CH 



35 




.C0 2 Ms 



40 



-^50— 



45 



i) R3 is CH3OCH0- 



3 . 6 x 1CT 6 



50 



55 



v. Css?r; tr^r r eparea w ,he — •*»- - **— - 

wherein „ is , ana „, s „JCf 5hL2T . a ™, pre "™° blowing Scheme I; tor those compounds 

compounds herein „ is 2 or 3 enp Rs is "vpL'.T Kn T" "' """^ ' ** "° s « 

where, n is . enp R , „ „ ky , ^ + ^2^^^^ ~Ps 



10 
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SCHEME TT 



5 



70 




O 



30 



35 



40 



45 
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£ (THEME III- 
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SCHEME TV 




0 2 Ph 
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SCHEME V 
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SCHEME V CONT. 

5 



70 



15 



MbCT 



n 



0=C Br Of* 



I 

NH-CHj 



I I 




OrC Br OMo 



NH-CH, 



KOH/TBAB 



20 




25 



I I 



CNKP e C«C NOP. 



MjO' 




I I 



30 



KOH/TBAB 




35 



40 



45 



50 



55 



amount of a compound represented i ST*» fnn! treatment a nontox,c. therapeutically effective 

acceptable sa.ts thereof rePr6Sented by the fo " ow,ri 9 aeneral structural formula (!) and pharmaceutical^ 

e-y™\T^ 0f ** activity of HMG-CoA synthase 

ly effective amount -Tc^SS JS^t?2 " tr8atmem 3 n ° ntOXiC ' thera P°^ a '- 

acceptable salts thereof. ^presented by the general structural formula (I) and pharmaceutically 

" - antihypercho.estero.emic agents for the 

They may be administere ^ paren eSyTn |h e t - T'^™ ^ d ' SeaSeS in human *- 

like. Doses may be varied depend Jo on Z Z f^'*' * ^ inieCtable P re Paration or the 
patients but dJy tJ^IS^JSL*?* J?"*' and °ther conditions of human 

mg) which may be g.ven in To to Tour dfvidTf h h ° m J b ° Ut 20 m 9 ,0 20 °° ™9 (preferably 20 to 100 
required. 9 ° '° i0W d ' V ' ded doses - Ht 9 h * T doses may be favorably employed as 

catio^ucT^ the compounds of this invention include those formed from 

ammon,a. ethylene^m^^ " thium - **. and from bases such a" 

diamine, ch.oroprocaine. S^^n.TS'n.^ZZ.rr" 6 ' TT N N '-^^en e . 
(hydroxymethy.)aminomethane. and ^^iS^ N o?rhSS^ ,n6, d,e,hy ' amine ' «- 

tract. Examples of such polyme s SLSJL 3 " 0n - reabsortab, e '°rm in the gastrointestinal 

trimethy.amino P ro Py ,,i mi „o-tn me Ce^ e a ^« JT*"* "* 

and these polymers is between 1:100 and 1:15 000 ° f the com P° und s of this invention 
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The intrinsic HMG-CoA synthase inhibition activity of the compounds of this invention is measured by 
the standard in vitro protocol described below: 

The liverrfrom male Charles River CD rats (225-350 g) were homogenized in 0.25 M sucrose which 
was adjusted with phenylmethylsulfonylfluoride (PMSF) and N-p-tosyl-Mysine chloromethyl ketone (TLCK) 

5 so that the final concentration of each was 50 and 25 mg/ml, respectively. The homogenate was centrifuged 
at 15,000 x g for 20 minutes, the supernatant filtered through a fine nylon screen to remove most of the fat 
layer and recentrifuged at 100.000 x g for 1 hour. This supernatant was removed and 1 M potassium 
phosphate, dithiothreitol (DTT) and ethylene glycolbis(/S-aminoethyl etherJ-N^N.N'.N'-tetraacetic acid (EGTA) 
added to give a final concentration of 0.1 M (pH 7.2). 0.5 mM and 0.1 mM. respectively. Solid ammonium 

10 sulfate was added to 50% saturation to the protein solution, it was centrifuged at 15.000 x g and the 
supernatant discarded. This precipitated protein could be stored at -70 *C for at least one month with very 
little loss of activity. The ammonium sulfate precipitate was dissolved in an minimal amount of 0.06 M 
potassium phosphate buffer (pH 7.2) containing 0.5 mM dithiothreitol and 0.1 mM EGTA (referred to as 0.06 
M phosphate buffer) and dialyzed overnight against 2 liters of the same buffer to remove the ammonium 

75 sulfate and to inactivate HMG-CoA lyase [Clinkenbeard, et a!.. J. Biol. Chem. 250. 3108-3116(1975)]. 

The dialyzed extract was added to a column of DEAE-52 (Whatman) which had been equilibrated with 
0.06 M phosphate buffer (10 mg of protein to 1 ml bed volume of the resin). The DEAE-ceilulose was eluted 
with 0.06 M phosphate buffer until the optical density at 280 nm was essentially zero. This fraction 
contained the 0-ketoacetyl-CoA thiolase activity. The HMG-CoA synthase was eluted from the column with 

20 0.1 M phosphate buffer (pH 7.2) containing 0.5 mM DTT and 0.1 mM EGTA, and was virtually free of all 
thiolase activity. The protein was precipitated by the addition of ammonium sulfate to give 50% saturation. 
This solution was stirred for 10 minutes at 4* C and the precipitate collected by centrifugation at 15,000 rpm 
for 10 minutes. The supernatant was discarded and the precipitate dissolved in a minimum of 0.06 M 
phosphate buffer, pH 7.2 (about 10 ml) and the enzyme stored at -80* C. 

25 

HMG-CoA Synthase Inhibition Assay 

Enzyme protein (ca. 24 mg) was added to a solution containing 117 uM Tris-HCI (pH 8.0), 11.7 uM 
MgCb. 1.17 uM ethylenediaminetetraacetic acid (EDTA), 0.58 uM dithiothreitol. and the indicated con- 

30 centrations of the test compound (added as a 2 mg/ml solution in dimethylsulfoxide). The incubation took 
place in a volume of 0.085 ml at 30* in a shaking water bath. After 5 minutes, 15 ml of a solution containing 
acetoacetyl-CoA and 0.1 uCi of 1-{ 1A C]-acetyl-CoA was added to give a final concentrations of 0.1 and 0.4 
uM, respectively. The incubation was continued for 10 more minutes and the reaction stopped by the 
addition of 50 ml of the assay mixture to 0.2 ml of 6N HCI in a glass scintillation_-vial. The vial was heated 

35 for 1 hour at 120* after which time 0.2 ml more of 6N HCI was again added to each vial and the heating 
continued for another hour. Following this. 1.0 ml of 0.9% saline was added to each vial and finally 10 ml of 
scintillation liquid. Radioactivity was determined in a Packard Tri-Carb liquid scintillation counter. 
Percent inhibition is calculated by the formula: 

40 

1 - Sample - Blank 
Control-Blank 

45 IC50 values were determined by plotting the log of the concentration of the test compound verses the 
percentage inhibition and fitting a straight line to the resulting data by using the least squares method. 

The following examples illustrate the preparation of compounds of formula (I) and as such are not to be 
considered as limiting the invention set forth in the claims appended hereto. 

so EXAMPLE 1^ 

Preparation of (4S)-4-Thiophenoxymethyl-N-toluenesulfonyl-2-azetidinone 



Step A: Preparation of (4S)-4-Thiophenoxymethyl-2-azetidinone 

55 

To (4S)-4-lodomethyl-2-azetidinone (408 mg) and potassium thiophenoxide (250 mg) in a 25 ml round- 
bottomed flask degassed to exclude oxygen was added dry DMF (3 ml). The resulting mixture was 
degassed again and covered with nitrogen. The mixture was heated at 90* under nitrogen for 56 hours. The 
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25 



30 



35 



to 



mixture was then cooled to room temperature and diluted with water (20 ml) The res.jitinn om < 

z:zi:;i7T ne ch,oride (2 x 30 mo and the ^ ^^^^z^s^ 
nsoo u mt - sr: : crude product which was purified via preparati - tlc a s2 P S 

Step B: Preparation of (4Sh4-Thiophenoxymethvl-N-toluenesulfonyl-2-az e tidinone 

To 4(S)-4-thiophenoxymethyl-2-azetidinone (40 mg) in 0 5 ml of 5% aeptnnitrii* in . t ■ 

punfted wa preparative TLC using a silica gel plate (1500 a) [Rf = 0 5- CH,CM to I ~1 ♦ ! ?. 
EXAMPLE 2 

P^paration of (4S)-4.Phenyl S ulfoxymethyl-N-toluenesulfony|.2-azetidinone 

To (4S)-4-Thiophenoxymethyl-N-toluenesulfonyl-2-azetidinone (11 maHn PH,ri n mn * - 
chloroperbenzoic acid f12 mo) /mrpRAi m,* JL ^ cl ' u,r, o ne t 1 1 mg) in CH 2 CI 2 (1 ml) was added m- 

was purified via pniparativ^TLC on fl 2L ?T * r °° m ,emperature The mixtuTe 

„ 7 — preparat,ve TLC on a s,l, ca gel plate and developed with 10% EtOAc in CH,n th- 

EXAMPLE 3 

P I eparation of (4S)-4-Phenylsulfonymethyl-N-toluenesulfonyl-2-azetidinone 

To (4S)-4-Thiophenoxymethyl-N-toluenesulfonyl-2-a2etidinone (6 mat in rnn /1 « ,v 
excess mCPBA. NMR showed the formation of the suifnnl ri, . 9> 3 ( 6 ml) was added 

the saturation point; the solid was 1 il te rZ Ton ^H thl n T , reaCt '° n m,XtUre was added to hexan ® to 
CH 2 C, 2 to yie.d the tiSec product NMR (CDct ! 2^ST?1 S^^ 6 TLC with 1 " 2% EtOA <= «" 
4.29(1H. m). 7.39(2H. d), 7.6-7.S. T^H Id) ' ' ^ 3 2 ° (2H - ^ 3 38(1H ' dd) ' 414(1H ' dd >' 

EXAMPLE 4 

Preparation of <4S)-4- a -Methoxycarbonylph.a<aymethyl-' 



45 



50 



55 



5tgp A: p «P«ation of 4( S )-4- E -Methoxycarbonyl- 

*y<ro^ in dimethy,formam,de (DMF) (2 ml) was added methy, p- 

evaporated to dryness and ourifi.d ^J^lL l.™*"? W3S heated at 8 °- 90 ' <°' 3 "ours, and then 
10% acetone in CH jC l 2 . V pr6parat,ve on Sl "ca gel plates (1500 a) and developed with 

St<?P B: Pre P a ^tion of (4S)-4-p.-Methoxycarbonyl- 

Phgng?EYinnhYl--W-tn1i^Tl 8 iilfnn V l- ? - rT8< . t ^^^. 
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To the product of Step (A) (9 mg) in TBAB stock solution (0.2 ml) (0.2 ml of 5% acetonitrile in 
methylene chloride containing 1% of tetrabutylammonium bromide) was added excess toluenesulfonyl 
chloride (TsCI) (-50 mg) and freshly pulverized KOH (-10 mg). The mixture was stirred overnight and then 
purified by preparative TLC on silica gel plates (1500 u) and developed with CH 2 Cl 2 halfway^and then 10% 
EtOAc/CH 2 Cl2 to yield the titled product. IR(CH 2 CI 2 ): 1800 and 1718 cm" 1 ; MS(FAB): 390 (M +1). 

EXAMPLE 5 



Preparation of ( ± ) - c i s -3-~Ethvl-4-methoxymethyl-N- 
toluenesulf onvl -2-azet id inone 



To (±)-cis-3-Ethyl-4-hydroxymethyl-N-toluensulfonyl-2-azetidinone (18 mg) in CH 2 CI 2 at 0 to 5* C was 
added boronlrifluoride etherate solution (1 drop) and then diazomethane-ether solution dropwise (4 ml). The 
reaction mixture was purified by preparative TLC on a silica gel plate (1500 u) and developed with CH 2 Cl 2 
to afford the titled compound. NMR(CDCI 3 ): 5 1.04(3H, t), 1 .54-1 .92(2H, m) 2.45(3H, s). 3.16(1 H, m), 3.26- 
(3H. s). 3.70(2H, m), 4.1 8(1 H, m), 7.34(2H, d), 7.88(2H, d). 

EXAMPLE 6 



Preparation of (± )-4-(2-2-Methoxycarbonylphenoxy )- 
ethvl-N-toluenesulfonvl- 2-azetidinone 



Step A: Preparation of Methyl £-( 3-Butenyloxy )- 
benzoate 



A slurry of 4-bromo-1-butene (1.4 g), methyl p-hydroxybenzoate (1.5 g) and K 2 C0 3 (1.8 g) in acetone 
was heated to reflux for 18 hours. The reaction was cooled, filtered, and concentrated to a yellow oil. The oil 
was chromatographed with 20% ethyl acetate/hexanes to give the titled compound. 

NMR (CDCI 3 ): 5 2.50-2.64(2H, m), 2.90(3H, s). 4.80(2H, t), 5.08-5.26(2H, m), 5.80-6.04(1 H, m), 6.92(2H. d). 
7.99(2H, d). 



Step B: Preparation of (±)-4-( 2-E-Methoxycarbonyl- 
phenoxv^ethvl-2-azetidinone 

The product from Step A (0.5 g) and chlorosulfonyl isocyanate (0.68 g) were stirred at 25 *C for 90 
hours. The reaction was quenched with ethyl ether/water Na 2 S0 3 (1.0 g), K 2 HPO* (2.0 g) and stirred for 1 
hour. The layers were separated and the aqueous layer was extracted with ethyl ether, dried (Na 2 S04) and 
concentrated. Purification by column chromatographed with 20% ethyl acetate/hexanes afforded the titled 
compound. 

NMR (CDCI 3 ): 5 2.06-2.20(2H, m), 2.68-2.80(1 H, m), 3.12-3.24(1 H, m), 3.90(3H, s), 4.14(2H. t), 6.04-6.14(1H. 
bs). 6.90(2H. d). 8.0(2H, d). 

Step C: Preparation of (±)-4- ( 2-£-Methoxycarbonyl- 

phenoxvethvl-N-toluenesulf onvl-2-azet idinone 

The product of Step B (10 mg) was dissolved in 19:1 CH 2 Cl 2 :CH 3 CN (1.6 ml) containing TBAB (1.6 mg). p- 
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30 



35 



40 



Toluenesulfonyl chloride (76 mg) was added followed by powdered KOH Mfi mn> th* m i ♦ 
EXAMPLE 7 

Preparation of fc)^(2-Benzyloxy)ethyl>N-toluenesulfbny»-2-a2etidinone 
Ste P A: Preparation of Benzyl 3-Butenyl Ether 

NaH (0.24 g) was slowly added to a solution of 3-buten-1-ol (0 72 a) in DMF mi\ a * n* n m *u 
reaction stirred for 30 minutes. Benzyl bromide (1.9 g, was ^^V^ZT^Z .? 25 ? C or 

NMR (CDC.,): 5 2.32-2.48 ( 2H. m). 3.54(2H. t). 4.54(2H. s). 5.00-5,8(2H. m). 5.76-5.96(1 H, m, 7.32-7.40(5H. 
Step B: Preparation of (i)-4-(2-Benzyloxy)ethy|.2-azetidinone 

with satd Nan riri^n /m^csv,? 1 einyi etner - 'he combined ether layers were washed 

""SJ S^Lr 71 " 30M2<I2H - »> ... m , 4.S5(2H, s, 

SKP g Preparation of (»l-4-(2-Ben z y l o», ) et l „|.N.,oi uenesu |, ony |.;. aze „ dinon<< 

compound. Y ge (20/o eth y' acetate/hexane) afforded the titled 

S&IS^VISST 3 24,3H - * "* «W 4,0.«4„H. 446(2H . s , 

EXAMPLE 8 



f^Pj^ oM:)-4-(2-Diphen ylmethoxy^ 

Step A: Preparation of (sM-^DiphenylmethoxvHethvl-p.^.iHin^ 



50 



55 



-appeared complete,. Purification of the reaction Z^^J^%^^^^ 

Step g: P I eparation of (^)-4-(2.Dipheny.m ethoxy)-ethyl-N-to l uene S u.fonyi.2-a,etidinon. 

^:T m «:™^ of pulverized KOH (10 m 9) ano tosy, 

of Step (A) (7.5 mg) and the SSLTSJ^^ ir^T" ""^ W3S 3dded ,he product 

purified by preparative TLC on a stc gS 8 ! Z f T^f " ^ r6aC,i ° n miXtUre was 

the titled compound. NMR(CDCI,)- " 95 2H m 2 inn 1 t ^ W,th 3% Et0Ac in CH * CI * y ielded 
(11H. m). 7.86(2H. d) ( ' m) " 2 44(3H ' S)l 3 02(2H ' ddd >- 3.56(2H. t), 4.18(1 H. m). 7.3- 
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EXAMPLE 9 

Preparation of <±)-ci£-3-Ethyl-4-f luoromethyl-N- 
frniiignesui foTivi-2- a?.fitidinong 

To (>)-cis-3-Ethyl-4-hydroxymethyl-N-toluenesulfonyl-2-azetidinone (3.9 mg) in CH 2 CI 2 (0.5 ml) was 
added diethyTaminosulfur trifluoride (DAST) (15 ul). The mixture was stirred overnight under nitrogen. The 
mixture was purified by preparative TLC on a silica gel plate (1000 u) and developed with CH 2 CI 2 to give 
t^ tmed compound. NMR(CDC.3): * 1.06<3H. t). 1.6-2.0(2H. m), 2.45(3H. s). 3.26(1 H. dt). 4.27(1 H. dm), 
4.65(1 H. m), 4.88(1 H. m). 7.37(2H. d). 7.88(2H. d) 

EXAMPLE 10 

Preparation of (±)-cJ^-3-Ethyl-4-(2- E -methoxy- 
r^rhonvi phenox v ^i-nvl-N-toluenesulfonvX-2-ageticjinpne 

step A: Preparation of (± )-;rd^.-3-Ethyl-4-( 2-1-butyl- 
rii phPnvisilvloxv)ethv1 -?-^?eti<3in<?ne 

To 7 09 ml of 1.1.1,3.3.3-hexa-methyl-disilazane in 25 ml of anhydrous THF was added 25.2 ml of 1.6M 
n-butyllithium in hexane at -70 ' C. The resulting solution was stirred for 30 minutes at -70 C and 10 g of 3- 
f-butyldiphenylsilyloxypropanal in 10 ml of THF was added dropwise. The mixture was stirred for 1.5 hours 
"at -70* C and the resulting cold solution of N-trimethylsilylimine was used directly in the following reaction. 

To a solution of LDA (generated from 4.48 ml of diisopropylamine and 24 ml of 1.6 M n-butyllithium) in 
50 ml of THF at -70 ' C was added 4.24 ml of ethyl butyrate in 8 ml of THF. The resulting solution was 
stirred for 1 hour at -70* C followed by the addition of the above silylimine solution. The mixture was stirred 
for 1 hour at -70 ' C then 2 hours at room temperature. The solution was worked up by the addition of 200 
ml of ether then extracted with 3 x 50 ml of 1.5 M HCI and 2 x 50 ml of H 2 0. The aq. solution was extracted 
with 3 x 50 ml of ether. The organic layers were combined, dried and concentrated. The product was 
purified by flash column chromatography (30% EtOAc in hexane) to give the cis compound and the trans 
compound. 'H NMR(CDCI,): 5 0.86-1.16(12H. m). 1 .36-1 -86(4H, m). 3.09(1H, m). 3.60-3.84(3H, m). 5.73(1H. 
broad) 7.28-7.48(6H. m). 7.50-7.74(4H. m) for the cis compound. 

Step B: Preparation of (±)-£ls.-3-Ethy 1-4- ( 2-hydr oxy ) - 
Pthvl-2-a zetidinone 

To 650 mg of the Step A product in 10 ml of methanol was added 4 ml of HF. The mixture was stirred 
for 2 hours at room temperature. Satd. NaHCCb was added until bubbling ceased and the aq. solution was 
extracted with hexane (3 x 60 ml). The solution was filtered and the filtrate was concentrated under vacuum. 
The residue was dissolved in CH 2 CI 2 , filtered and the filtrate was concentrated in vacuo to yield the titled 
compound. 'H NMR (CDCI 3 ): « 1.05(3H, t). 1 .47-1 .97(4H, m), 2.25(1H, broad). 3.05-3.23(1H, m). 3.61-3.99- 
(3H, m). 6.41(1 H, broad). 

Step C: Preparation of <±)-£i£-3-Ethyl-4-( 2-toluene- 
su If onvlo^rv ^ethv l -2-azet id inone 

To 60 mg of the Step B product in 4 ml of CH 2 CI 2 was added 0.120 g of tosyl chloride and 0.08 ml of 



21 



EP 0 462 667 A2 



10 



75 



20 



m). 3.74-3.8K1H. m). 4.14(2H, t), 5.96(1H. broad), 7.36(2H d) .' 7.7^ ^ 

Stg P D: Preparation of <±)-£l£-3-Ethyl-4-(2- E - 

methoyycarhony3,phenoyv>ethvi-7- a T etidinonp 

Stet> g: Preparation of (±)-£A£-3-Ethyl-4-(2-p_- 
n>ethoxycarbonylphenoxy)ethyl-N-toluene- 



25 



EXAMPLE 11 



30 ^^*H±I^^ 

St ' P A : (±) -^- 3 - E thyl-4- (2 -thiophenoxy)ethyl- 
35 2-azsti^in ? n ? 

™f7o^^^ C «* - ethano, was added a sm a „ 

* prepare TLC 00% EtOAc S'h^T^^ nS^'^Tr ^ P " ified * 

3-160H. m). 3.77-3.85 (1 H. m). 5.99 (1H broad) 7 16 7 36 (5 H m) ' * ^ 98(4H ' ^ l) ' ^ 



45 



Si^-B: <±>-^-3-Ethyl-4-(2-thiophenoxy) e thyl-N- 



powd'eVd'KSrA^^tlsTst- 'no 1 ? ™ «°* M " ™ ^ amount of 

so stirred for 1/2 hour at .Zt^ ^ ^ ^ "**" ^ 

hexane). 'H NMR (CDCI 3 ): 5 1.01(3H t) 1 44-1 78 ttH mT « 5 TrS,? preparat,ve TLC < 3 0% EtOAc in 
3.02-3.16( 2 H. m), 4.23(1H. q , TM^^JS^f^'"- m) ' ^34(1 H. m). 2.45(3H. s). 

ss ^ ~ * ^ 3 - Eth y^ ^P"e"V' S u l fony, ) eth y ,N.to, U ene Sul fnn^ ^^ 

was s^edT 1?^^^%^* -** a «- -*« of mCPBA. Tne mixture 
-ane, .„ NMR(C0CI , ): s ,0^Z.%>™ 
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3.36-3.52(2H. dd). 4.18-4.32 (1H, q). 7.28-7.30(2H. d) 7.56-7.98(7H. m). 
EXAMPLE 12 

Preparation of (3R.4R.5-R)-(E.E)-3-Methoxymethyl-4-(10'-methoxycarbonyl-5-.7-.9 , -trimeth y[-r.9--de- 
ca dienyl)-N-tolue~n"esulfonyl-2-azetididione) 

Step A: Preparation of (2'R, 3'R. 7R)-(E.E)-Methyl 11-[3--(hydroxymethylH , -oxo-2 l - oxetanyl-3.5.7-trimeth y l- 
2, 4-undecadienoate 

To a solution of (E.E)-11-[3XhydroxymethylH'-oxo-2'H)xetanyl-3.5.7-trimethyl-2.4-undecadienoic acid 
(2.6 g) in ether (-30 ml) was added diazomethane. The mixture was stirred for 18 hours at 25 C. The 
reactfon mixture was purged with nitrogen for about 1 hour then washed with saturated NaCI. dried (MgSO. 
and concentrated to a light yellow oil. The crude product was used in the next step without further 
purification. 

Step B: Preparation of (2'R, 3'R. 7RHE.E)-Methyl 1 1-{3 , -(Methoxymethyl)-4--oxo-2- -oxetanyll-3.5.7-trimethyl- 
2 ,4-undecadienoate 

The product of Step A was taken up in 25 ml ether then methyl iodide (10.7 g) and silver oxide (4.4 g) 
were added. The reaction was heated to 47* C for 5 hours, and then stirred for 18 hrs at 25 C. The reaction 
mixture was filtered and concentrated. Purification by chromatography over silica gel<1.5,. 
methanol/methylene chloride) aforded the titled compound. ^ „„,.,_, v c -, n 

NMR(CDCI 3 ): 5 0.84(3H.d). 1.80(3H.d). 2.22(3H.d). 3.40(3H.s). 3.70(3H.s). 4.45-4.56(1 H.m). 5.67(1 H.s). 5.70- 
(1H.s). 

Step C: Preparation of (2R. 3R. 8R)-N-2'.4'-Dimethoxybenzyl 2-Methoxymethyl-3-hydroxy-8 , 1 0. 1 2-trimethyl- 
T4MTieth oxycarbon7l-1 0.1 2-tridecadienamide 

The product of Step B (3.02g), 2.4-dimethoxybenzylamine (4.3g) in DMF (10 ml) and water (4 ml) were 
heated to 100* C for 3 hours. The reaction mixture was quenched with H 2 0 (-40 ml) and extracted with 
ethyl acetate (3 x 100 ml), dried (MgSO.) and concentrated to a yellow oil. The oil was dissolved in ethyl 
acetate and washed with H 2 0 (4x). saturated NaCI (1 x) then concentrated under vacuum. The titled 
compound was used without further purification. 

NMR (CDCb): 5 0.80(3H. d). 1.78(3H. s). 2.24(3H. s). 3.32(3H. s), 3.70(3H. s). 3.80(3H. s). 3.82(3H. s). 5.66- 
(1H. s). 5.69(1 H. s). 6.36-6.48(2H. m). 6.60-6.70 (1H. m). 7.1 2(1 H, d). 

Step D: Preparation of (2R,3R.8R)-N-2 , .4 , -Dimethoxyben2yl 2-Methoxymethyl-3-methanesulfonyl-5. 10.12- 
t rimethyl-1 4-methoxycarbonyl-l 0.1 2-tridecadienamide. 

To the product of Step C (4.4 g) in pyridine (20 ml) at 0* was added methanesulfonyl chloride (2.4g) 
dropwise over 10 minutes. The reaction mixture was stirred for 2 hours at 0'C and then quenched with 
H 2 0. extracted with CH 2 Cb (3x). washed with saturated NaCI. dried (MgSOO and concentrated. Purification 
by chromatography over silica gel (3% ethyl ether/methylene chloride) afforded the titled compound. 
NMR (CDCb): S 0.80(3H. d) 1.79(3H. s). 2.24(3H, s). 2.86(3H. S), 3.26(3H. S). 3.70(3H, s). 3.80(3H. S), 3.84- 
(3H. s). 5.66(1 H, s). 5.69(1 H, s). 6.36-6.50(2H. m), 6.58-6.70(1 H. m). 7.1 4(1 H, d). 

Step E: Preparation of (2R,3S.8R)-N-2 , ,4 , -Dimethoxybenzyl 2-Methoxymethyl-3-bromo-8.1 0.1 2-trimethyl-1 4- 
methoxycarbon y 1-10.1 2-tridecadienamide 

To a solution of the product from Step D (2.6 g) in DMF (10 ml) was added NaBr (0.48 g). The reaction 
mixture was stirred under nitrogen for 1 1/4 hours at 100* C. The reaction mixture was quenched into 
H 2 0/ethyl acetate and the aqueous layer extracted with ethyl acetate <2x). then washed with H 2 0 (3x). 
saturated NaCI. dried (MgSO») and concentrated to a light yellow oil. Purification by chromatography over 
silica gel (gradient of 20 to 50% ethyl acetate/hexane) afforded the titled compound. 

NMR (CDCb): 5 0.80(3H. d), 1.80(3H, S). 2.24(3H. s). 2.58-2.70(1 H. m). 3.36(3H. S). 3.70(3H. s). 3.80(3H. s). 
3.84(3H. s). 5.66(1. S). 5.69(1 H, s). 6.36-6.48(2H. m). 6.64-6.78(1 H. m),7.16(1H. d). 
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30 



To the product of Step E (595 mg) in 42 ml of 19-1 CH,n rw r-M . ■ ■ 
added freshly powdered KOH (-200 mnl thT °J, 2 2 ' CN conta,n,n 9 1 mg/ml of TBAB was 

^rasrr^sK sn. 2 wh ' * "o,3, s , , 80( sh. s , 

mixture was sli „« for , 5 rS «££ SSL^JfT? ° V po " ,d,red K0H < 5 m » T1 "> «»" 
3 63,,'h. s, ^T^Tf^r' * <3H ' * 2 96 - 302 <' H - "* »■ W * 3.70.3H. s) . 



Claims 

1- A compound of structural formula (I): 



35 



R- 



R 4 



40 



S0,-Q 



(I) 



«5 wherein 
Q is 



50 



55 R 3 i s 



a) Ct-s alkyl; 

b) C 6 -, 0 ary, or C,-, 0 heteroary. including one heteroatom selected from N. O or 

c) C7-.5 aralkyl or C 7 -, s heteroaralkyl; 

d) C5- 10 ary I or C 6 -, 0 heteroary I substituted with W 

sub^^^ C ^ ,S hete - a ^y' serein the ary, or heteroary. moiety is 

0 OH; 



a) H; 

b) Ci-s alkyl; 

C) Ci -s. alkoxyCH 2 -; 
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70 



15 



20 



FU is -(CH 2 ) n R; 
R is 

a) 



b) 



c) 




-O-CH 
I 

R 



2 



25 -S(0) 



d) -0-d - 5 alkyl; 
30 e) halogen; or 



f) 



f 

35 _C 



40 



Ri is 



a) H; 

b) Ci-s alkyl; 

c) -COCi-s alkyl; 



45 



R 2 is 



a) H; 
b) 



50 




55 



n is 
p is 

halogen is 
W is 



1 to 4; 
0 to 2; 

F, CI. Br or I; 
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a) Ct-s aikyl; 

b) Ct -s alkoxy; 

c) -CO2C1-5 alky I; 

d) -N0 2 . 

2. A compound of Claim 1 wherein n is 1. R 3 is H, and R is selected from: 



ii) 




iii) 
iv) 



v) iodide; 
and Q is 




A compound of claim 1 where.n n is 1 and R 3 is C, -5 

A compound of Claim 3 wherein 
i) R3 is CH3CH2, R is 
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ii) R 3 is CH3CH2, R is -O-CH3; 

iii) R 3 is CH3CH2. R is F. 
and Q is 




A compound of claim 1 wherein n is 2. Rs is H and 
R is 

i) 



ii) 



iii) 



and Q is 




A compound of claim 1 wherein n is 2; and 
i) R 3 is CH 3 CH 2 . R is 




and the configuration at the 3,4 position is cis; or 
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ii) R 3 is CH 3 OCH 2 - f R is 




and the configuration at the 3,4 position is trans; or 
iii) R 3 is CH3CH2, R is 



and the configuration at the 3,4 position is cis; and 
Q is — 




A compound of Claim 1 wherein n is 3; and 
R is 

0 



C0 2 CH 3 

ii) 



iii) Br; and 

Q is 




A compound of claim 1 wherein n is 4, 
R3 is H or Ci -5 alkoxyCH 2 - and 
R is 
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CH„ CH 3 CH 3 




co 2 ch 3 ; 



and 



Q is 



w 




CH. 



75 



9. A compound of Claim 8 which is 



20 



25 




10. A hypochoiesterolemic pharmaceutical composition which comprises a therapeutically effective amount 
30 of a compound of Claim 1 and a pharmaceutical^ acceptable carrier. 
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